Evidence for a radical mechanism in peroxidase-catalyzed coupling. I. Steady-state experiments with various peroxidases.
Biosynthesis of thyroxine in the thyroid gland involves a reaction between two diiodotyrosyl residues within the same molecule of thyroglobulin, a large, thyroid-specific glycoprotein. This reaction, generally referred to as the coupling reaction, is catalyzed in the thyroid by the heme-containing glycoprotein enzyme, thyroid peroxidase, also a thyroid-specific protein. The coupling reaction is, however, not specific for thyroid peroxidase; it is also efficiently catalyzed by other heme-containing peroxidases. Peroxidase-catalyzed coupling may also occur between a monoiodotyrosyl and a diiodotyrosyl residue in thyroglobulin to form the more potent thyroid hormone, 3',3,5-triiodothyronine. Under most conditions, thyroxine formation in the thyroid is greatly favored over that of 3',3,5-triiodothyronine. Two mechanisms have been proposed for the coupling reaction, a radical mechanism and an ionic mechanism. In this, and in the following paper, we present evidence favoring a radical mechanism. This view is bsed primarily on the observation that peroxidase-catalyzed coupling is markedly stimulated by substoichiometric concentrations of free diiodotyrosine (DIT). Evidence obtained in this and in the following paper leads us to conclude that the stimulatory effect of DIT on coupling involves peroxidase-catalyzed oxidation of the added DIT to a radical form. We propose that this stimulation involves a radical chain propagation mechanism. This implies that peroxidase-catalyzed coupling in the absence of DIT must also be a radical-mediated reaction.